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@ A surface modified solid substrate and a method for its preparation. 
@ A surface modified substrate, wherein the substrate car- 
ries a complex adsorbed thereto, which complex is of a 
polymeric cationic surfactant that contains primary amino 
nitrogens as well as secondary and/or tertiary amino nit- 
rogens, and a dialdehyde that has 1-4 carbon atoms between 
the two aldehyde groups: To said complex there may addi- 
tionally be bonded an anionic compound and optionally 
alternatingly additional cationic and anionic compounds. The 
modification primarily means that positive or negative 
charges can be imparted to the original substrate. Secondly, 
however, the point may be to utilize reactive groups in bonded 
cationic or anionic compounds. 

The surface modified substrate is prepared by contacting 
the substrate with the polymeric cationic surfactant and the 
dialdehyde at such conditions that a complex is formed, 
which is absorbed onto the substrate surface, and optionally 
continuing the ionic bonding with an anionic compound and 
possibly also alternatingly additional cationic and anionic 
compounds. The polymeric cationic surfactant and the dial- 
dehyde are preferably utilized, separately or together, dissol- 
ved in a polar solvent, preferably water. The formation of the 
complex takes place at a pH-value above 8. whereupon the 
charges are preferably created at a pH-value below 7 
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T i T L E 

A surface modified solid substrate and a method for 
ixs preparation. 

TECHNICAL FIELD 

The present invention relates to a surface modified 
substrate and to a method of surface modifying a substrate, 
i.e. to a method for the preparation of first-mentioned 
surface modified substrate. More specifically, the surface 
modification according to this invention generally implies 
that the substrate surface is furnished with ionic charges 
which can be of a positive or a negative character. The 
surface modification according to the invention means that 
such properties can be imparted to the substrate surface 
that anionic or cationic compounds can be adhered to the 
surface by means of ionic bonding so as to obtain a strong 
or a weak bonding strength. The choice between a strong or 
a weak ionic bonding is dependent on the desired use of 
the invention, as will be illustrated more in detail be- 
low. However, the applicability of the invention is not 
restricted to the utilization of charges imparted to the 
surface, but the primary objective can also be another one, 
e.g. the incorporation of chemically reactive groups such 
as amino groups on the substrate surface, which will also 
be further illustrated below. Finally, it should be noted 
that the invention is applicable to surface modification 
of non-charged as well as charged materials, although the 
utilization in connection with non-charged surfaces may be 
especially interesting in many cases. 

In the field of surface treatment there is definite- 
ly a great need for methods for surface modification of 
commercially available standard materials for the pur- 
pose of achieving specific properties. As examples of de- 
sired properties one may mention improved wettability, 
altered adhesion characteristics, increased charge density 
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or enhanced access to chemically reactive groups One spe- 
c ft" industrial problem has been to find a simple and 
v satile method for the preparation of charged .„rf.c 
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covalent bonding, to another «*"»^ e £' u " ^ I- 
anionic compound, can equally «ell be uti 

n with a surface that "tries 'electrica! char e S . 
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type belong to the group of more or less uncharged mate- 
rials, the surfaces of which have previously been diffi- 
cult to modify by any simple procedure, it is appararent 
that the invention will be of considerable value in connec 
tion with this type of materials. Among such materials 
reference can e.g. be made to some commonly used plastics 
material within the medical field such as polyvinyl chlor- 
ide, polystyrene, polyure thanes , silicon rubber, poly- 

(8) 

tetraf luoroe thy lene (Teflon ) and not to forget the in- 
expensive and inert polyolef ines , especially polyethylene 
but also polypropylene. Stainless steel is also a material 
that could be very useful in for instance the medical 
field if it were modified according to the invention. 

PRIOR ART 

In the above-mentioned Swedish Patent application 
No 7708296-4 there are disclosed some methods for intro- 
ducing surface charges, but without exceptions these carry 
various restrictions. Accordingly, an oxidation with con- 
centrated sulphuric acid containing an oxidative agent can 
only be applied to a few polymeric materials, and in addi- 
tion thereto the method implies severe environmental 
problems. Specific methods for etching e.g. stainless 
steel or poly vinyl chl oride cannot be applied to any other 
materials . 

GB-A-2 041 377 discloses bio- and blood compatible 
materials and methods but the disclosed principle differs 
from the one according to the present invention through 
the fact that according to said GB application one starts 
from a surface that has been provided with primary or se- 
condary amino groups e.g. by swelling of an amino function 
al silating agent dissolved in an organic solvent, which 
is activated with a difunctional aldehyde or aryl halide, 
whereupon the biological substance is bonded to those 
aldehyde or aryl halide groups which are free to extend 
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out of the surface. Thus, GB-A-2 ,041 , 377 does not disclose 
any method of obtaining surface bonded stable ionic com- 
plexes. Moreover, the method according to the present in- 
vention shows the advantage that no organic solvent as to 
be utilized. 

SE Patent No 423,863 discloses the use of polyethyl- 
ene imine for the manufacture of a vascular prothesis. 
According to the disclosed method polyethylene imine is 
incorporated into pores of the material by allowing poly- 
ethylene imine to be fused into the pores, whereupon the 
polymer is made water insoluble by crosslinks* . The amino 
groups are then quaternized and heparin is ionically bond- 
ed thereto. The applicability of the known method is ob- 
viously restricted to porous materials and it is not as 
simple and as generally applicable as the present inven- 
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T^ rpiPTTnN OF THE INVENTION 

Accord ing to the present invention a simple solution 
to the above schematically described problems is obtained, 
which solution is also extremely satisfying as to the ob- 
tained properties. This is achieved by those characteris- 
tics which are claimed in the claims to the surface modi- 
fied substrate and the method, respectively. 

The surface modified substrate according to the in- 
vention is thus characterized in that the non-modified 
substrate is provided with a complex of a polymeric cat- 
ionic surfactant which is adsorbed thereto and which con- 
tains primary amino nitrogen atoms as well as 
and/or tertiary amino nitrogen atoms, and of a dialdehyde 
which has 1-4 carbon atoms between the two aldehyde groups, 
and that to said complex there is optionally bonded, by 
ionic bonding, an anionic compound and optionally alter- 
natingly additional cationic and anionic compounds, where- 
by the substrate surface can be positively or negatively 
charged. 
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The above-mentioned modified substrate according 
to the invention can be obtained from starting substrates 
that are non-charged as well as charged. However, if the 
starting substrate already carries negative charges an 
embodiment of the surface modified substrate according to 
the invention may be a substrate which is characterized 
in that the non-modified substrate carries adsorbed there- 
to a polymeric cat ionic surfactant that contains primary 
amino nitrogens as well as secondary and/or tertiary amino 
nitrogens and optionally ionically bonded to said Surfactant 
a polymeric anionic compound Preferably of the polysaccharide 
type, most preferably heparin. 

Another embodiment of the surface modified solid 
substrate according to the invention in the case when the 
original non-modified substrate is already electrically 
charged is characterized in that the non-modified substrate 
carries adsorbed thereto a polymeric cationic surfactant 
that contains primary amino nitrogens as well as second- 
ary and/or tertiary amino nitrogens, the surface carrying 
kmino groups having such bonding properties that 
electrostatic bonding is essentially avoided if said 
primary amino groups are intended for covalent bonding 

J of substances with a structurally related biological 

I (activity. 

Polymeric cationic surfactants of the polyimine type 
are well-known agents per se for the treatments of cellu- 
lose in order to improve the retention of water. The fa- 
vourable effect achieved thereby has been explained as a 
" j ack- in- the-box 1 ' effect which is obtained by allowing the 
polymeric cationic surfactant to be adsorbed at an alka-. 
line pH which imposes a relatively compressed structure 
to the molecule, whereupon it is enclosed by swelling when 
lowering the pH which makes the molecule expand. 

The effect as to charge density and wettability that 
can be achieved by direct adsorption of a polymeric cat- 
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ionic surfactant to co-n!, available rigid P<»r»» c 
Tterials have proven to be quite insufficient as >udged 
from practica! experiments. According to the 
vention, however, it was unexpectedly «»»*"'* 
improved surfactant characteristics were xmpar ed to the 

o y »eric cationinc surfactants if they were a!lo„ed to 
react with said dialdehyde. An additiona! advantage xs 
Tha the poiymeric cationic surfactant acquires such qua- 
lities that it can exert a surprisingly strong electro- 
static binding with polymeric anionic compounds. 

A brief explanation of the resulting phenomena would 
be as follows, taking into account that the invention xs 
by no means restricted to any special theory as to possxb- 
le altion mechanisms. The modification of the p..- 
cationic surfactant imposes a strong increase of the hydro 
p ic interaction with the substrate surface by allowxng 
the primary amino groups to be involved xn bxndxng to the 
dialdehyde which makes the molecule even less charged. 
C on omitantly the three dimensional structure « , th, . poly- 
meric surfactant becomes more rigid whxch creates favour 
abl e conditions for a strong fixation °^ P°^"' »" 
ionic compounds via multiple exectrostatxc bonding 
remaining secondary and tertiary amino groups Th charge 
groups may then be utilized for an electrostatxc couplxng 
of anionic substances, e.g. heparin or dextran 
a „i 1 be further illustrated below. According^ the bond- 
ing of such anionic molecules according to the present xn- 
vention has shown to be surprisingly strong. Thxs stron 
bonding or stability is for ^ 

fact that the anionic compound can stxl 1 « havi 

having incubated the complex with a buffer sol 

, of 9. However, on the contrary, if the polymeric cat- 
ionic surfactant has not been treated with glutardxalde- 

d , an instantaneous split of such "^J™ 
,' t pH 9. AS will be discussed below a polymerxc anxonxc 
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compound can also be firmly bonded by multiple electro- 
static bonds via adsorption to a polymeric cationic sur- 
factant if the latter is adsorbed at a P H of ] ess lhajl 7 to 
surface with a high negative surface charge density. 

According to a preferable embodiment of the inven- 
tion the polymeric cationic surfactant contains at least 
2, and preferably more than 2, primary amino groups in 
each polymer molecule. The preferred polymer would accord- 
ingly be referred to as a polyamine, but as the common 
nomenclature in the polymer field should be to denominate 
the polymer in respect of more or less dominating repeat- 
ing units in the main chain, another terminology will be 
used below. The preferred "polyamine" function according 
to the invention should, however, remain implied. 

Polyimines and polyamides are especially suitable 
polymeric cationic surfactants according to the invention, 
which substances thus carry secondary amino groups as do- 
minating units in the polymer chain apart from projecting 
primary amino groups. In the case of polyimines there is, 
however, as is known also a considerable proportion of 
tertiary amino groups in the chain, while the secondary 
amino groups in the case of polyamides of course exist 
as amide bonds . (-NCH0- ) . 

An especially preferable type of polyimines is poly- 
alkylene imines , especially polyethylene imine. Besides, 
a generally preferred group of the polymeric cationic 
surfactants is the group which has 1-6 carbon atoms bet- 
ween the imino nitrogen atoms in the polymer chains. 

Examples of dialdehydes which are suitable according 
to the invention are succinic dialdehyde and glutardi alde- 
hyde, of which glutardialdehyde is especially prefer- 
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The initial adsorption of the complex obtained from 
the polymeric cationic surfactant and the dialdehyde re- 
sults in a substrate which can be furnished with positive 
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in rase the ri-s-red surface charge densi- 
surface charges. In case in , ave r a charge 

of 0 r P : r::;^ l .t.»... co nT: 

the first place and then possibly alternating y 
cationic and anionic substances polymeric an ionic„ 

" As to anionic compounds especially p 

a, preferably of the polysaccharide type, are of 
compounds, preteraoiy invention. with reference 

value for the performance of the invent! 

to the industrial applicability when using _ 

compounds as well " h : c «r dlng to th. 

rV^e compounds which is acnievcu 
ing of these comp particular interest are hepa- 

xylan. .. _ „ f th . surface modified sub- 

A preferred embedment of the surf ^ £ _ 

srrate according to the invention „ J to 
in a poiy.eric anionic "^^n H urfactant and 
th. adsorbed complex of poXy-rxc U»i lymeric 
diaidehyde. OptionaUy ad ^on ° ^ ^ 

anionic " 7 o :: - - ; ::r ^ y bondea cationic layers , 

by means of in "™ e desC ribed complex of the polymery 
„hich may comprxse the descry 1 or merely the poly- 

ca tio„ic surfact^n an he d„ , ^ 

merlC : ; Z and/or tertiary amino nitrogens. 

' ;lrin be iilustrated in more detai! in the „ox k x» g 

^Z^Z^ is used as the polymeric anionic com- 

. , prt ive is of course to taKe aavan 
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than the negative charges which are created at the bond- 
ing of heparin. If, however, the main purpose is to create 
a negatively charged surface, it will be preferable to 
chose a polymeric anionic compound with a higher molecular 
5 weight than that of heparin (molecular weight 10,000 Dal- 
tons) . Accordingly, the stability of the ionic complex in- 
creases with the molecular weight of the adsorbed anionic 
compound. Dextran sulphate is a particularly preferred 
compound in such a case, as this compound is available 
10 as a high molecular weight substance (molecular weight 
~> 500 ,000 Daltons) 

If a positively charged surface and/or a surface 
provided with chemically reactive primary amino groups 
are requested, a preferable embodiment of the invention 
15 means that to the adsorbed complex of polymeric cationic 
surfactant and dialdehyde there is ionically bonded a po- 
lymeric anionic compound, preferably of the polysaccharide 
type and for the above reason preferably dextran sulphate, 
and thereupon ionically bonded either the above-mentioned 
20 complex of the polymeric cationic surfactant and the di- 
aldehyde or merely the polymeric cationic surfactant con- 
taining primary amino nitrogens as well as secondary and/ 
or tertiary amino nitrogens. Thus, according to the latter 
alternative, in which only the polymeric cationic surfact- 
25 ant is used, the primary amino groups will be readily avail 
able for covalent bonding to suitable groups that are re- 
active with primary amino groups. 

The invention also relates to a method for surface 
modifying a solid substrate by introducing ionic charges 
30 or reactive groups onto the substrate surface. The charac- 
teristic ; features of the method are that the substrate is 
contacted with a polymeric cationic surfactant which con- 
tains primary amino nitrogens as well as secondary and/or 
tertiary amino nitrogens, and a dialdehyde which has 1-4 
35 carbon atoms between the two aldehyde groups, at such con- 
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ditions that a complex is formed from the polymeric cat- 
ionic surfactant and the dialdehyde, which complex is ad- 
sorbed onto the substrate surface, and if additional modi- 
fication of the surface is required, that an anionic com- 
pound is ionically bonded to said complex carrying posi- 
tive charges, and optionally that the ionic bonding is 
continued with alternating cationic and anionic compounds. 

The method according to the invention is applicable 
to non-charged as well as charged substrate surfaces. The 
most common situation from a practical point of view, how- 
ever, is that the materials that would require a surface 
modification carry an insufficient surface charge density, 
which makes the method according to the invention especial- 
ly valuable for non-charged or weakly charged surfaces. 

However, another important aspect of the invention 
concerns the case when the original surface is already 
electrically charged and the effect of variation in pH 
at the adsorption of the polymeric cationic surfactant on 
the bonding strength of the complex formed during the sub- 
sequent adsorption of a polymeric anionic compound to the 

I modified substrate, especially with primary amino groups. 

iThus, the polymeric anionic compound is firmly bond- 
ed by multiple electrostatic bonds provided the polymeric 
cationic surfactant is adsorbed to a negatively charged sur- 
fact at a pH of less than 7, This means that the effect is 
similar to that achieved upon treatment of the polymeric 
j cationic surfactant with dialdehyde. On the contrary, such 
* a strong bonding can be avoided if the polymeric cationic 
surfactant is adsorbed to the negatively charged surface 
at a pH of more than 8. Apparently, it is essential to avoid 
strong fixation due to multiple electrostatic interaction 
when the substrate is going to be used for conjugation via 
covalent bonding to the primary amino groups of a substance, 
as e.g. heparin, having a biological activity which is close- 
ily related to its chemical structure. 
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Hence, according to an embodiment of . the in- 
vention the method is characterized by contacting the 
substrate at a pH of less than 7, preferably within the 
range of 3-4, with a polymeric cationic surfactant that 
contains primary amino nitrogens as well as secondary and/ 
or tertiary amino nitrogens, and optionally ionically bond- 
ing thereto, at a pH of less than 7, preferably within the 
range of 2-4, a polymeric anionic compound, preferably of 
the polysaccharide type, especially heparin. 

According to another aspect of the invention a method 
•is accomplished which is characterized by contacting the 
substrate at a pH above 8, preferably within the range 
of 8-10, with a polymeric cationic surfactant that con- 
tains primary amino nitrogens as well as secondary and/or 
tertiary amino nitrogens, whereby a substrate surface is 
obtained which carries amino groups hav- 
ing such bonding properties that electrostatic bonding is 
essentially avoided if said primary amino groups are in- 
tended for covalent bonding of substances with a structur- 
ally related biological activity. 

As to the conditions for the formation of the above- 
mentioned complex and its adsorption to the substrate sur- 
face, they are preferably implemented by performing the 
first contact with the substrate while utilizing the poly- 
meric cationic surfactant and the dialdehyde dissolved in 
a polar solvent, preferably water, at a pH above 8, and 
subsequently, if additional surface modification is to 
be performed, ionically bonding the anionic compound 
dissolved in a polar solvent, preferably water, at a pH 
of less than 7. The reaction with the dialdehyde may take 
place either in two steps, i.e by dissolving the polymeric 
cationic surfactant and the dialdehyde separately in a 
polar solvent, the surface treatment being performed 
firstly with one solution and then with the other, or in 
one single step, the polymeric cationic surfactant being 
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mixed with the dialdehyde in the solvent and the resulting 
reagent being adsorbed to the substrate surface.. In the first- 
mentioned case the treatment of the surface is carried out 
at a pH above 8 in both steps, while in the latter case 
the mixing of the two components is performed at saxd P H 
above 8, but the subsequent adsorption to the substrate 
surface may welltake place_at a different pH. 

When chosing a pH-value higher than 8, it is pre- 
ferable to chose a value within the range of 8-12, espe- 
cially 8-10 and most preferably around 9 . As a pH-value 
less than 7 one should preferably choose a value wxth- 
in the range of 1-7, especially 2-4 and most preferably 

around 3. . , 

If the additional surface modification with an an- 
ionic compound is not to be carried out or is to be carri- 
ed out lateron, the treatment with the polymery cationic 
surfactant and the dialdehyde can be interrupted by rins- 
ing the surfaa with the-polar solvent, i.e. usually 
water, which tlus generally means that the surface will 
acquire approximately a neutral pH-value. If there wil 
be a need for positive charges later on, the surface is 
treated with t solution having an acidic pH , x.e. less 
than 7, prefer ibly 1-7, especially 2-4 and most prefer- 

ably around 3. 

As concerns the aspects on the most preferred poly- 
meric cationic surfactants and dialdehydes as well as on 
the substrate, which apply to the method according to the 
invention, the same is applicable as is described above 
in connection with the product, i.e. the surface modified 
substrate. 

As to the treatment with the polymeric catxonxc 
surfactant and the dialdehyde in a polar solvent one should 
preferably use solutions having a concentration of the 
polymeric cationic surfactant of 0.0001 - 1 . ^efers^y 
5 0 0001 - 0.005, percent by weight and 0.01 - 2, prefer- 
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ably 0.1 - 1, percent by weight of the dialdehyde. 

According to yet another especially preferable em- 
bodiment of the method according to the invention NaC] 
is added to the solution of the anionic compound refer- * 
red to above to increase the polarity of the solution, 
which should make the above described reorientation of 
the anionic compound even more efficient. The addition 
of NaCl should preferably be made to a final concentra- 
tion of 0.01 - 1M, preferably about 0.15M. 

In connection with the surface-modified substrate 
it was previuosly mentioned that polymeric anionic com- 
pounds, preferably of the polysaccharide type, would be 
particularly suitable as anionic compounds, and the same 
of course holds true also for the method according to 
the invention. Heparin, dextran sulphate, hyaluronic acid 
and sulphated polyxylan are thus the most suitable poly- 
saccharides also in this case. 

From the description above it should be evident 
that a preferred embodiment of the method according to 
the invention means that a polymeric anionic compound, 
preferably of the polysaccharide type, is ionically bond- 
ed to a complex of the polymeric cationic surfactant and 
the dialdehyde which is adsorbed to the substrate surface 
and that optionally the ionic bonding of the polymeric 
anionic compound is continued in additional layers. Accord 
ingly the method results in the creation of a negatively 
charged surface which may sometimes be the primary ob- 
jective, but another valuable aspect of this embodiment 
relates to the use of heparin as the polysaccharide, the 
inherent characteristics of heparin being of primary im- 
portance, in accordance with what has already been de- 
scribed above. When it comes to continued ionic bonding 
of the polymeric anionic compound in additional layers, 
it should be pointed out that this bonding can be accomp- 
lished either by means of the complex of the polymeric 
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. - c surfactant and the dialdehyde or -.rely by using 
cationic surfactan disclosed above. 
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primary objective is to create a surface with positive 
charges, whereas a pH value towards the alkaline side 
is chosen if the primary objective is to attach reactive 
primary amino groups to the surface rather than to intro- 
duce positive charges. 

The invention will now be further illustrated by the 
following non-limitative examples. 
Examples . 

As to the examples below, it should be noted that 
the percentages are by weight, unless expressly stated 
otherwise . 
Example 1 . 

Polymiri SN (BASF), which is a branched polyamine, was 
purified by precipitation in isopropanol, and the precipi- 
tate was then resuspended in water, and the remaining 
amount of isopropanol was evaporated by means of a thin 
film evaporator, A standard solution of 0.5 per cent by 
weight was prepared. 

Polyethylene tubings with an inner diameter of 1.8 » 
mm and a length of 100 cm were prepared as follows: 

A. Incubation for 10 minutes at room temperature with 
0.5 9 o Polymin SN solution at a pH of 9.0 followed by rins- 
ing with water. 

B. Treatment according to A, followed by treatment with 
0.5b of glutardialdehyde in a borate buffer pH 9^0 for 10 
minutes at room temperature, followed by rinsing with 
water. 

C. Incubation for 10 minutes at room temperature with a 
0.005* Polymin SN solution at pH 9.0, followed by rinsing 
with water. 

D. Treatment according to C followed by treatment with 
0.5 9 c of glutardialdehyde in a borate buffer at pH 9.0 for 
10 minutes at room temperature, followed by rinsing with 
water. 

E. To a 0.51, solution of glutardialdehyde in a borate 
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be determined spect P QUt such 

■ , n ( view, the ass ; incubated tor " 

P ° r .v.. test tubing is f*«t in C " d in a 4% 

45 cm of the test thrombin olsso lv un . ts/ 

nutes with 0.S ml °* concentration of 20 

2S alburn S »-^»-; t ^ e of Health) . th. ^ 
/ml Ration. .1 I«« saline an d th . r..»n«^ te 
th en carefully r « by iBeub . ti „» for « ^ ^ 

of thrombin is ie S . 22J6 dissolved 

• i r t ^ » - - nufacturel in 

30 1 , P Hof»-<- , und thrombin and, hence 

tion at a v <- U Tface bound tnx nTO noTtional 

The am ount of ,ur heparin becomes propo 

also the amount of ,„„,„.«. Th. v.l ^ 
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low 0.004 abs. units/cm 2 indicating an insufficient and 
values of more than 0.020 abs. units/cm indicating a suf- 
ficiently high binding capacity of the surface bonded 
heparin. 

The following results were obtained: 
Group A 0.001 abs . units/cm 
B 0.028 
" C 0.000 " 
" D 0.027 ' " 

E 0.027 

The example shows that it is only the combination 
of the polymeric cationic surfactant and glutardialdehy de 
which gives the desired effect. 
Example 2 

The following polymeric cationic surfactants were 

used: 

1) Polymin P R (BASF) : a linear polyethyleneamine , 

2) Kymene 557 H R (Herkules Kemiska AB) : a polyamide, 

3) Nalco 7134 R (Nalco Chemical Company): a low mole- 
) cular weight polyamine, 

4) Nalco 8102 R (Nalco Chemical Company); a quaterniz- 
ed polyamine, 

5) Kymene 435 R (Herkules Kemiska AB) ; a ureaf ormalde- 
resin , 

25 6) Polymin SN R (BASF): a branched polyamine. 

The substances were purified in the same way as was 
described for Polymin SN in example 1. Polyethylene tubing 
with a length of 45 cm and an inner diameter of 1.8 mm 
were used for the test. 
30 A. Tubings were incubated for 10 minutes at room tem- 
perature with a 0.5% by weight water solution of each of 
said six polymeric cationic surfactants at a pH of 9. 

The tubings were then rinsed in water, whereupon a 
treatment was performed with 0.51 glutaraldehyde in a bor- 
35 ate buffer at pH 9 for 10 minutes at room temperature, 
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°* "^eventration of ^ _ soluti o„s 

ti0 " " a ui tn each of the — ^f;j ly the ^i» g . 

cubated »>« Toom le n.peTature . 

£o r 10 minutes • examined 

„ere rinsed xn of gro ups A and B « ^ 

TUbiM5 f Te, "» bili tV. e r ep rM, AS, and 

'" 0O , «tt.bi»tV l* e « of surface bonded 

positive charges, all ^ bQnded he p ^ 

P the amount oi given 

whereafter the description g £ollo wing 

t er m ined accord- ' ^ „ e glv en m 
The resets fro- 77 
table- 



ti 

e i 

6 

a 



10 



IS 



25 



30 



3S 



^MTTnear P 01 ?" \ 

Polypi" 1 I e thyleneiminej 

cc-f© poly amide \ 

Naico 71^ ; vei& ht poly l + + 
\ amine 
Rin ^\QuaTteTni*ed 

Kalco 8U<- \poiyamine 

Ky.ene C.rt»i& ^ 

I resin . 
- n .^ Branched po- + 
polymm - \ lyaTn ine^^___\____ 



polywm | > lya mine_______J _ i- ; ^ dQes not 

^TTTquaternized modif ic*' 



++ \0.038 \0.03S 
0.012 \0.003 

,0,026 \0,02A 
++ 0.03A 0.042 
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10 



15 



tion substance. Ureaf ormaldehyde produces a doubtful 
effect. These substances do not carry those primary amino 
groups which are crucial for the reaction with glutardi- 
aldehyde. The test thus shows that merely cationic sur- 
factants which contain both primary and secondary (and/or 
tertiary) amino nitrogens work as reaction agents for sur- 
face modification. The degree of branching is not critical, 
nor is the molecular weight of the polymer. 
Example 3 

The following solutions were prepared: 

A. A solution containing a complex of Polymin SN and 
glutaraldehyde at pH 9 was prepared according to Example . 
IE. 

B. 100 mg of dextran sulphate was dissolved in 1 liter 
of water. Sodium chloride (NaCl) was added to a final con- 
centration of 0.15 M. The pH was finally adjusted to 3.0. 

Tubings or tubes of the following materials were 

used: 

Polyethylene Polyurethane 
pvc Silicon rubber 

Teflon ® Stainless Steel 

Polystyrene Glass 

The different materials were treated firstly with A 
for 10 minutes at room temperature and after rinsing with 
25 water additionally with B for 10 minutes at 55°C. The pro- 
cedure was repeated once on all materials except for sili- 
con rubber for which the sequence was repeated four times. 

The.. amount of surface bonded dextran sulphate was 
determined by assay of the amount of thrombin that had 
been adsorbed to the surface according to the method de- 
scribed in Example 1. The following results were obtained: 
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0.055 
0.030 
0.040 

R 0.020 



Material 
Polyethylene 
Polypropylene 

PVC 

Teflon 
Polystyrene 
Polyurethane 
Silicon rubber 
Stainless Steel 



2 

s . i.r. t £ / cti 



0.050 
0.02 0 
0.020 
0.078 
0.070 

10 Glass 
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+^*+ all test surfaces can be modi- 
The results show that all rest 

fied according to the disclosed procedure. 

I* a "P le 4 . p , vmin SN was added to make up for 

During agitation Polymm bM wdb <* 

During 0>5% solution of glu- 

a final concentration of 0.005% to u Tubin o S 
tardialdehyde in a borate buffer at a P H of 9.0. Tubings 
of polyethylene were incubated with this solution for 5 
1Z s at room temperature, followed by rinsing with wa- 

The tubings were then divided into three groups 
A incubation with a water solution of dextran su P ate 

taving an average molecular weight of 10,000 (0.5 mg/ml 
0 15 M H.C1. PH 3, 60°C, 5 .in), followed by rinsing with 

I""' incubation with a water solution of dextran sulphate 
Ling an average molecular weight of 500 ,000 (0 - 5 ^ ; 
015 MNaCl, P H 3, 60°C, 5 min) , followed by rinsing with 

r er ' incubation with a water solution of SP54 (sulphated 
^olyxylan) (0.5 mg/ml, 0.15 M NaCl, pH 60 C, 5 min) , 
followed by rinsing wit! > ^ £xample , 

Thp tubincs were then tesieu t> 
in respect of .'sorption of thrown . The foUowing resuUs 

were obtained, i 
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A. 0.027 abs. units/cm 

B. 0.023 " 

C. 0.026 



10 



'^^utings of polyethylene were treated as follows: 

I T cm ' added to r-ake up for a final concen- 
- - '"To"..'". " a O S* solution of glutardialdehyde 
matron of 0 005 . . im . uba ,ed with 

ln a borate buffer at pH temp erature. which was 

thi , solutxon for S vas fol lowed by 

followed by r ns.ng^v th w t. r ^ ^ 

inC ubatxon », h water s ^ fey 

pH 3, 0.1S M NaCl, 60 C, »i J . then v . th 

rinsing first with a borate buffer at pH 



water . 



B. Tubings fro, this group were treated ^cU^acc- 
~ + a hut the sequence comprising a yoiymxy s 

rorion f^iowld by a heparin solution was carried out 

tVi " ^eTubings were then tested in respect of thrown 

a- o tn the description given in fcxampie 
) adsorption according to the aes v 

1. The following results^ere obtained: 
A . 0.038 abs -units/cm 

B - in? separate test the heparin surfaces were tested 
In a separ . Tne tubings were cir- 

5 in respect of adhesion of P la " let = minutes a nd 

30 was determined. The followxng ""J"^ ^ of ftTp/cm 2 

Untreated polyethylene , n -H 

8 1 8 • 1 U 

GTOUp A 20-10-11 
GTOUP The results show that the substrate surface Cpoly- 
t completely covered by a platelet repellant 

35 ethylene) was completely 
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heparin layer bv <V.v ttcc.:.-.^ ' • - - wo sendee* 
(case B) . 
Example 6 

Tubings of polyethylene vere treated as follows. 
Polyir.in SN was added to make up for a final concen- 
tration of 0 .005 s . to a 0.5% solution of glutaral dehyde in 
a borate buffer at pH 9.0. Tubings were ir.cjbatei with this 
solution for 5 minutes at room temperature -^ich-was follow 
ed by rinsing with water. Then an incubation was carried 
out with a water solution of high molecular weight dextran 
sulphate (average molecular weight of 500 ,000 , 0 .1 mg/ml, 
pH 3, 0.15 M NaCl, 50°C, 5 min) and the tubings were then 
rinsed with water. The described sequence was repeated 
once. A treatment was then made with a 0.05% water solu- 
tion of Polymin SN at pH 3.5 for 5 minutes at room tempe- 
rature, followed by rinsing with water. Finally a treat- 
ment was made with a water solution of hyaluronic acid 
(0.1 mg/ml, pH 3, 0.15 M NaCl, 50°C, 5 min). The same pro-, 
cedure was exactly repeated while using heparin (20 IU/ml, 
pH5, 0.15 M NaCl, 50°C, 5 min) instead of hyaluronic acid. 
The tubings were then divided into two groups, the first 
of which was rinsed only with water and the second one 
first with a buffer solution at pH 9 . 0 and then abundant- 
ly with water. 

The tubings were then tested in respect of uptake 
of thrombin according to the description given in Example 
1. The following results were obtained. 





Water rinsing 
only 

2 

abs . units/cm 


Incubation at pH 9.0 
followed by rinsing 
with water 
abs . uni ts/ cm 


Hyaluronic acid 
Heparin 


0.034 
0 .032 


0.033 
0.034 



This example shows that hyaluronic acid and heparin 
were firmly attached to the surface. 
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Example 7 . 

Tubings of polyethylene were treated as follows. 

Polymin SN was added to make up for a final concen- 
tration of 0.005% to a 0.5% solution of glutaraldehyde in 
a borate buffer at pH 9.0. The tubings were incubated with 
this solution for 5 minutes at room temperature followed 
by rinsing with water. An incubation was then -made with a 
water solution of high molecular weight dextran sulphate 
(average molecular weight of 500,000, 0.1 mg/ml, pH 3, 
0.15 M NaCl, 50°C, 5 min) , whereupon the tubings were 
rinsed with water. The described sequence was repeated 
once more. A treatment was then made with a 0.05% water 
solution of Polymin SN at pH 9.0 for 5 minutes at room 
temperature, which was followed by rinsing with water. 
;To the substrate modified accordingly heparin was linked by 
using a heparin that had been furnished with a free terminal 
aldehyde group by means of diazotization. To that effect 
the tubings were incubated with a water solution (pH 3.9, 

0. 15 M NaCl) containing 0.25 mg/ml of diazotized heparin 
and 0.025 mg/ml of sodium cyanoborohydri de for two hours 
at 50 C. The treatment was terminated by a careful rins- 
ing with water. 

The heparinized tubings were subsequently tested in 
the same way as was described in Example 5, and the follow- 
ing results were obtained. 

1. An uptake of thrombin without prior exposure to plasma 
resulted in 0.0 32 abs.units/cm 2 . 

The method for measuring surface-bonded thrombin 
can also be applied to the testing of the non- thrombogenic 
character, of a surface. For this purpose the test surface 
is first exposed to human citrated plasma for 60 minutes 
in order to establish the relevant protein adsorbate on 
the surface. After this exposure the test items are sepa- 
rated into two groups. The first group (I) is rinsed only 
with saline but the other group is also incubated with de- 
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f ibrinogenated pl^-.i 'i.?. •> i - - been derived 

of fibrinogen .vnd is thsrafor* -?*bi i of forming a 

clot). The criteria to be met by a non- ehrombogenic sur- 
face are that the uptake of thrombin, which is measured 
as described, should amount to at least 0.020 abs . units/ 
/cm 2 in group I and should be less than 0.0020 abs. units/ 
/cm 2 in group II. The following results were obtained. 
Group (I) Group (II) 

Rinsing with saline only Saline + def ibrinogenated 

pi asma 

0-029 abs. units/cm 2 0.0004 abs . units/ cm 

3. Platelet adhesion test: 

Untreated polyethylene 175 °* 10 ~ii mmo1 ATP/cin 

Heparinized " 29-10 

This example shows that the heparinized surface has 
excellent non- thrombogenic characteristics. 

The example also illustrates the general method, 
which has been described above and. which comprises a surface 

imodif ication for the purpose of creating a substrate with 
free primary amino groups, which can be covalently linked 
to groups that react with primary amino groups. 

In this case, the binding takes place to heparin 
which has been degraded by di azot i zation to form a sub- 
stance fragment with a free terminal aldehyde group. This 
aldehyde group then reacts with the primary amino groups 
of the substrate to form a Schiff's base, which is con- 
verted to a secondary amine by reduction. 

The conjugate that is obtained by the coupling can 
^accordingly be defined as a conjugate consisting of a 1- 
;-deoxy-2 , 5- anhy dromanni tol residue, which forms the term- 
anal unit of a polysaccharide;, which is in this case de- 
prived from heparin, and which is covalently -bound in the 
'l-position to an amino group attached to the substrate. 



2S 



01 24676 



The diazotization of heparin is preferably carried 
out in a water solution by means of a suitable diazotiza- 
tion agent, e.g. a nitrite, such as sodium nitrite in an 
acid solution or. buty lni tri te . The diazotization agent is 
generally an "agent capable of forming NO+ions. 

The reaction between the aldehyde group and the ami- 
no group of the substrate can take place in water at a 
pH~of ' 3 - 7 or within the same pH range in a suitable 
organic solvent, e.g. formamide or dimethyl sulphoxide. 

As to the reduction, finally, it is carried out by 
means of a suitable reduction agent, e.g. a cyanoborohy d- 
ride, preferably of an alkali metal, such as sodium, po- 
tassium or litium, for the formation of stable secondary 
amines. 

The reaction between the aldehyde group of the modi- 
fied heparin and the amino group of the substrate can be 
illustrated by the following reaction formula: 

" H ?° , A 

\ 4 „3 n x, reduction p^.rH -NH-R 
R 3 CH0 + NH, - R > R " 9 = \ . - J *- R LM 2 NM K 

H X R 

Example 8 

Polyethylene tubings were filled with concentrated 
sulphuric acid containing potassium permanganate (2 g/1) 
and incubated for two minutes and then carefully rinsed 
with pure water. This treatment results in a high negative 
surface charge by the introduction of carboxylic and sul- 
phate groups. The tubings were then provided with surface 
bonded amino groups according to two different treatments. 

A. Incubation for five minutes at room temperature with 
a 0.01% water solution of polye thy leneimine at a pH of 
3.0 followed by. rinsing with water. 

B. Incubation for five minutes at room temperature with 
7 0.01% water, solution of polyethy leneimine at a pH of 
9.0 followed by rinsing with water. 

The aminated surfaces were then treated with heparin 
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according to t„, „ . , t i0 = t wl „. , 

«.~« C nvR r'r r inp with water, 
extensive t-.i.. at r 0 C with a 

— --T^T7n confining part^O c..gr.. , - J .. 

W ""- Th . tubing, were than tes,ed for th.i ' "H"^ 

>.-„' arr.nrdin" c o example 1. Half ol tne 
adsorbing thrcbin accoroin 

_ . ^ «orh oroup were rinsea wilu 

tubings of each gro P tes ting. The following 

solution having a pH ot a uei 
results were obtained. 



IType of Surface 



Type of rinsing prior 
ro ex posure to t hrombin 



H 2 0 



H 2 0+Buffer pH 9 



0 .030 
0.032 

10.00 
|0 .05 1 



0.030 
0.031 

0 .00 
0 .035 



1A. - ionic bonding 
_ covalent bonding 

|B - ionic bonding 

lp-_mvalent bond_ing t^—-^ bon ded to 

-^TTeTrThowTthat heparxn is firmly bon 

v «. ™iv via covalent bonding but 
the sur face of type A .not C ° urfacCf however , the 

• oil via ionic bonding. On the B suriace, 
as veil Ma ion heparin tQ be „ ashed 

ionic bonding is so weak as 

„ vnr , c ,, Te to thrombin. Hence, il 

t, r:r. r.r.c:L. h e P a rin ^ te 

,tt.ch.d to this their non - th ro m bo- 

! e «MbUion of thrombin according to the description gl ven 
in Sample 7. The following result, were obta.ned. 



01 24676 



Type 


of Surface 


Surface bonded thrombin 
activity expressed as 
abs .units/cm 2 after ex- 
posure to: 






Saline 
Group I 


De fibrinogen ated 
Plasma, Group II 


A - 


ionic bonding 


0.031 


0.030 


A - 


covalent bonding 


0.032 


0.029 


B - 


ionic bonding 


0.00 




B - 


covalent bonding 


0.033 


0.00 



of heparin to the A surface results in a thrombogenic cha- 
racter due to the fact that the adsorbed thrombin will not 
be inhibited on exposure to plasma. It is only heparin 
which has been linked to the B surface via covalent bond- 
ing that exerts a biological activity in terms of inhibi- 
tion of surface bonded thrombin. 

This example clearly illustrates the crucial impor- 
tance of choosing the appropriate substrate for a success- 
ful immobilization of heparin, which means that the active 
sequence responsible for the biological activity of hepa- 
rin has not been immobilized but is free to interact with 
plasma constituents. 
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We claim: <,<->' •: J ,.:bs trate , especially 

n a surface modified ~ . rharac . 

• i „ o a polvr.eric material, cnarac 
a hydrophobic material e.g. P , adsorbed 
te rized in that the substrate cam 

thereto vhich complex is of a polymeri --■ ^ ^ 
.actan,,atconta in s-pn : ^ !: — ^ , 

as secondary and/or tertx --■ the tvo 

dialdehyde, that has 1-4 -- ^ optionally bonded to 

aldehyde groups, and tna anionic compound and 

said complex, via ionic cationic and anionic 

positively or "•f 11 " 1 ^"''^ substrate, especially 
2 . A surface - f ^f^aified substrate 
; a polymeric material, t charac terized in that the 

being electrically charged ^ ^ polymeric 

n on-modifxed - bS " at t e ha C t aT cont3ins priory amino nitrogens 
cationic surfactant tha eon nQ nitroge ns and 

a5 veil as secondary and/or tertx. > ^ ^ pQly . 

0 optionally ionically bond. It « ^polysaccharide 
me ric anionic compound, preferably 

ty pe, most preferably ^P"»- SUDSt rate, especially 

3. A SUT f a ce « xf x. . non . modified S ub- 
a polymeric M t< a the g characteriI ed in that 

25 strate being electrxcal y adso rbed thereto a 

the n™-"*" 1 ^ "V"/.".,* that contains primary amino 
polymeric cationic su tertiary amino 

ni trogens as well as -co* ^ ^ grQups 

nitrogens, the moaified s elect rostatic bonding 

30 having such bonding ?™<£ ary aml no groups are 
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one of claims 1-3, characterized in that the poly- 
meric cationic surfactant contains at least two pri- 
mary amino groups in each polymer molecule- 
s' A surface modified substrate according to 
anyone of the preceding claims, characterized in that 
the polymeric cationic surfactant is a polyimine or 
polyamide. 

6. A surface modified substrate according to 
claim 5, characterized in that the polyimine is a poly- 
alky lene inline . 

7. A surface modified substrate according to any- 
one of the preceding claims, characterized in that the 
polymeric cationic surfactant has 1-6 carbon atoms 
between the amino nitrogen atoms in the polymer molecule. 

8. A surface modified substrate according to 
claim 6 or 7 , characterized in that the polyalky leneimine 
is a polyethyleneimine . 

9. A surface modified substrate according to 
anyone of the preceding claims, characterized in that 
the dialdehyde is glutardialdehyde . 

10. A surface modified substrate according to 
anyone of the preceding claims, characterized in that 
the substrate is stainless steel, glass or a polymeric 
material selected from polyvinylchloride , polyurethanes , 
silicon rubber, poly tet ra f 1 uoroe thyl ene , polystyren, and 
polyolef ins , especially polyethylene. 

11. A surface modified substrate according to any- 
one of the preceding claims, characterized in that there 
is ionically bonded to the adsorbed complex of polymeric 
cationic surfactant and dialdehyde a polymeric anionic 
compound, preferably of the polysaccharide type, and that 
optionally additional layers of the polymeric anionic compound are * 
ionically bonded to the surface by means of intermediate 
ionically bonded layers of said complex of the polymeric 
cationic surfactant and the dialdehyde or of the polymeric 
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cationic surfactant alone, which contains primary 
ZL nitro 8 ens as well as secondary and/or tertiary 

amino nitrogens. 

17 A surface modified substrate according to 
i anyone" of claims 1-10, characterized in that there is 
ionically. bonded to the adsorbed complex of polyene 
cationic surfactant and dialdehyde a polymeric anionic 
compound, preferably of the pdysaccharide type and 
thereupon, ionic.Hy bonded as well, said co, 
0 the polymeric cationic surfactant a„o tne aialdehyde,. or 
he poly-ric cationic surfactant alone, which contains 
pI1M ry amino nitrogens as well as secondary and/or 
tertiarv amino nitrogens. 

1 3 ' A surface modified substrate according to 
15 anvone of claims » and 12, characterized in that 

the polysaccharide is selected from heparin, dextran 
suiphate, hyaluronic acid and sulphated 

14 < surface modified substrate according to 
. claim 13, characterized in that the polysaccharide is 

20 hePaT i n s' A surface modified substrate according to 

?nvone 'of claims 11 and 12, characterized in that the 

25 especially a hydrophobic OI T titrate 

material, by introducing ionic cnarges ith 
surface, characterized by contacting the substrat . «tn 
a poXymeric cationic surfactant that contains primary 

.11 secondary and/or tertiary 
amino nitrogens as well as seconoa y 

50 amino nitrogens, and a dialdehyde that contains X-4 

carbon atoms between the two aldehyde groups a such 
conditions that a comp>e> of the P* 1 ^^ " "d/orbe, 
factant and the dialdehyde is formed, which » adsorbed 
to he substrate surface, and if additional - »° >" 

- a ionicallv bonding an anionic com 
35 fication is required, lonicany 
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pound to said complex exhibiting positive charges and 
optionally continuing the ionic bonding with alterna- 
ting cationic and anionic compounds. 

17. A method of surface modifying an electrically 
charged solid substrate, especially a polymeric material, 
characterized by contacting the substrate at a pH of 
less than 7, preferably within the range of "3-4,. with 

a polymeric cationic surfactant that contains primary 
amino nitrogens as well as secondary and/or tertiary 
amino groups and optionally ionically bonding thereto, 
at a pH of less than 7, preferably within the range 
of 2-4, a polymeric anionic compound, preferably of the 
polysaccharide type, especially heparin. 

18. A method of surface modifying an electrically 
charged solid substrate, especially a polymeric material, 
characterized by contacting the substrate at a pH 

above 8, preferably within the range of 8-10, with a 
polymeric cationic surfactant that contains primary 
amino nitrogens as well as. secondary and/or tertiary 
amino group.-, whereby a substrate surface is obtained 
which has an Lno" groups having' such bon- " 

ding properties that electrostatic bonding is essentially 
avoided if s.iid primary amino groups are intended for 
covalent bonding of substances with a structurally rela- 
ted biological activity. 

19. A method according to claim 16, characterized 
by performing the first contact with the substrate while 
using the polymeric cationic surfactant and the dialde- 
hyde disj olved separately or together in a polar solvent, 
preferably water, and at a pH-value higher than 8, 

the treatment being carried out with separate solutions 
in two steps or with a mixture in one step, and then 
making a rinsing operation with the polar solvent, pre- 
ferably a. 'justed to a pH of less than 7, or, if additio- 
nal surfare modification is required, ionically bonding the 
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r,.-eferabl~ war*? 

>n a no ? 



compound a».s- , -„,»»ed 

at a pH-value of less than 7 ^ charactered 

* A m ethod according to 

. the pH-value hxgher than abou t 
by choosing as the pn prefe rat>iy 

range of 8-12, •^""^ o£ ' le ss than 7 a value 

9 , , nd choosing elpeciaUy preferably 

• bOU % 3 1 -. A method according sur£ actant 

at least ^ f 
contains at ^ 

~ of claims lo-^» 

" 24 . A method accordxng t y onic surfactant 

in that the polymer xc c atoms 
characterized xn the amino nxtrogen 

n has 1-6 carbon atoms between 

0 - n the poly-r -lecule ^ QT 24 , charac- 

25 A method according to p olyethylene- 
ter i^in that the polyal^exmxne 

o of claims lo-"f 
iTOine 26 A method according « glutar dialdehyde . 

" . A in that the dialdehyde is g ^ 

— -ethod according to anyone of^ ^ 
characterized in that the from polyvinyl- 

ass or a polymeric mater, -1 ^ _ polyte traf luo ro 
rjolyurethanes, sxix espe cially poly 

30 chlorxde, * o1 * and po lyolef xnes . csp 

ethylene, polys^y ^ 

" thyl r. e - A method according to anyone of 
characterized in cationic surfactant » 

5S in respect of the polymerrc 
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0.0001-1 , preferably u. 0001 -0 . 5 , per cent by weight, 
and in respect of the dialdehyde 0.01-2, preferably 
0.1-1, per cent by weight. 

29. A method according to anyone of claims 17-28, 
characterized by adding NaCl to the solution of the 
anionic compound to make up for a final concentration of 
0._01-1 M, preferably -about 0 .-15 M , to increase the polarity 
of the solution. 

30. A method according to anyone of claims 16 or 
19-29, characterized by ionically bonding a polymeric 
anionic compound, preferably of the * polysaccharide type, 
to the complex of the polymeric cationic surfactant 

and the dialdehyde adsorbed to the substrate surface, 
and optionally continuing the ionic bonding of the poly- 
meric anionic compound to make up for additional layers, 
said complex of the polymeric cationic surfactant and 
the dialdehyde or solely the polymeric cationic sur- 
factant that contains primary amino nitrogens as well 
as secondary and/or tertiary amino nitrogens being 
ionically bonded between the anionic layers. 

31. A method according to claim 30, characterized 
by ionically bonding dextran sulphate to the complex of 
the polymeric cationic surfactant and the dialdehyde 
adsorbed to the substrate surface, and th. : n ionically 
bonding merely the polymeric cationic surfactant at a 

pH of less than 7, preferably within the range of 3-4, 
and subsequently ionically bonding the polymeric anionic 
compound at a pH of less than 7, preferably within the 
range of 2-4 . 

32. A method according to anyone of claims 16 or 
19-29, characterized by ionically bonding 

to the complex of the polymeric cationic surfactant 
and the dialdehyde, an anionic compound, preferably a 
polysaccharide, such as dextran sulphate, to the surface, 
and subsequently performing additional ionic bonding, 
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.1 ,. : t- solely the poly 

at a t>H with:.- -h ri 

: e ric Ctionic surfactant co^irSn* pri-ry 
nitrogens as well as secondary and/or ternary a.ino 



nitrogens 
33 



^ A method according to anyone of claims 30-32, 
characterized by selecting the P 01 ^"**""™*^ 
heparin, de.tran sulphate, hyaluronic ,«= and sulphated 

POlyX r 4 an - A method according to d.i. 33, characterised 
in that the polysaccharide is heparin. 
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